The objective is to evaluate the prophylactic profile, efficacy of granisetron and ondansetron to prevent postoperative nausea and vomiting (PONV) after middle ear surgery. In a randomized, double blind trial, one hundred patients undergoing middle ear surgery received either granisetron 1 mg or ondansetron 8 mg in equal volume (n = 50 for each) intravenously towards the end of surgery and before reversal of anaesthesia. A standard general anaesthetic technique was employed. Postoperatively, during the first 24 h after anaesthesia, the incidence of PONV, recovery score, time to first feeding, willingness to have the same prophylactic antiemetic drug in future and adverse events were recorded. The incidence of vomiting once (PONV score 2) was significantly less, 4% with granisetron and 22% with ondansetron (P = 0.002) respectively and the incidence of vomiting twice or more times in 30 min interval (PONV score 3) was significantly less, 8% with granisetron as compared to 34% with ondansetron (P = 0.001). The requirement of rescue antiemetic drug was significantly higher in ondansetron group, i.e. 34 vs. 8% in granisetron group (P = 0.001). The incidence of adverse events, recovery score and time to first feeding were comparable among the groups. Willingness to have the same prophylactic antiemetic drug in future was significantly high in patients receiving granisetron. Granisetron is more efficacious and desirable drug than ondansetron for reducing the incidence of PONV in patients undergoing middle ear surgery.
Introduction
Postoperative nausea and vomiting (PONV) occur frequently after middle ear surgery, with an incidence as high as 80% when no prophylactic antiemetic is given [1, 2] . This can cause significant patient discomfort, electrolyte disturbances, and may lead to delay in resumption of normal activities after elective surgery. The deleterious effects of PONV are not only limited to the patient's health but can also produce a negative financial impact on hospital resources and the patient. Of the available selective 5-HT3 receptor antagonists, both granisetron and ondansetron reduce the incidence of PONV in patients undergoing general anaesthesia for middle ear surgery [3] . In this study, we have compared the efficacy of granisetron with ondansetron for the prevention of PONV and willingness to have the same prophylactic antiemetic drug in future in patients undergoing middle ear surgery.
Methods
After obtaining approval from the institutional ethics committee and written informed consent, we conducted a randomized double blind study in 100 ASA I or II patients (52 females) aged 18-65 years, undergoing middle ear surgery (tympanoplasty and mastoidectomy) under general anaesthesia.
All patients were divided into two groups-group 1 received ondansetron, group 2 received granisetron.
Patients with history of smoking, gastritis, heartburn, motion sickness, previous PONV, lower esophageal sphincter disorders, Ellison-Zollinger syndrome, uncontrolled hypertension, poorly controlled diabetes and pre operative emesis less than 6 h prior to surgery were excluded from the study.
Patients were randomly allocated to receive one of twotreatment regime respectively as: ondansetron 8 mg and granisetron 1 mg both given in same volume, i.e. 10 ml. These drugs were administered intravenously intravenously towards the end of surgery and before reversal of anaesthesia. A randomization list was prepared by a random number function in a computer spreadsheet and identical syringes containing each drug were prepared by personnel not involved in this study.
Patients received no preanaesthetic medication. Anaesthesia was induced with midazolam 1 mg, thiopentone sodium 5 mg kg -1 and fentanyl 2 lg kg -1 IV. Vecuronium bromide 0.2 mg kg -1 was used to facilitate tracheal intubation. Anaesthesia was maintained with 1-3% sevoflurane (inspired concentration) and 66% nitrous oxide (which was replaced by air before closing the tympanic membrane) in oxygen. Ventilation was controlled mechanically and adjusted to maintain end tidal carbon dioxide concentration at 35-45 mmHg throughout surgery using an anaesthetic respiratory gas analyzer (Penlon AV800 ventilating machine, UK). Muscle relaxation was achieved with vecuronium as required. Temperature was monitored and maintained at 37 ± 1°C throughout surgery. The study drug was given 30 min before the reversal of anaesthesia. At the cessation of surgical procedure sevoflurane and nitrous oxide administration was stopped.
Residual neuromuscular blockade was antagonized with neostigmine 50-70 lg kg -1 and glycopyrrolate 8-10 lg kg -1 body weight and the trachea was extubated when the patient became awake. All patients received intramuscular injection of diclofenac sodium 75 mg stat and 8 hourly for postoperative pain relief. Postoperatively, all episodes of PONV were recorded within the first 24 h after anaesthesia at regular intervals (0-1, 1-2, 2-3, 3-4, 4-5, 5-6 and 6-24 h) by direct questioning by the attending anaesthesiologist without knowledge of which antiemetic the patient had received or by spontaneous complaint by the patients.
The time to first feeding and any other side effects were also noted in the postoperative period.
All patients were evaluated by using a PONV numeric scoring system 0 = No nausea/vomiting 1 = Nausea alone 2 = Vomiting once 3 = Vomiting twice or more times in 30 min interval.
Rescue antiemetic, ondansetron 8 mg intravenously, was given to all patients with PONV score of 3. Patient's willingness to have the same antiemetic drug for the prevention of PONV in the future, was assessed at 24 h after surgery.
Statistical analysis was done using SPSS statistics package version 14. Parametric data was analyzed using the done by Student's t-test and categorical data was analyzed using the v 2 test with Yate's correction factor. The computed 'P' value less than 0.05 was considered as statistically significant.
Results
There were no significant differences between the groups with regard to age, sex, weight, height, sex, ASA physical status, duration of anaesthesia and surgery, type of surgery (tympanoplasty, mastoidectomy), preoperative PONV, intraoperative analgesic requirements, and time to first feeding. Large number of patients in both groups expressed a willingness to have the same antiemetic prophylaxis in the future but it was statistically significantly higher in granisetron group (P = 0.002) ( Table 1) .
During the first 24 h nausea only (PONV score 1) was present in 6 (12%) patients in the ondansetron group and 2 patients (4%) in granisetron group (P [ 0.05). The patients who vomited once only (PONV score 2) was significantly higher, i.e. 11 (22%) patients in ondansetron group as compared to only 2 patients (4%) in granisetron group (P = 0.002). The patients who vomited twice or more times in 30 min interval (PONV score 3) during the first 24 h was significantly higher, i.e. 17 (34%) patients in the ondansetron group as compared to 4 (8%) patients in granisetron group (P = 0.001) (Figs. 1, 2, 3) .
Rescue antiemetic was significantly higher, i.e. 17 (34%) patients in the ondansetron group as compared to 4 (8%) patients in the granisetron group (P = 0.001). No patient required repeat dose of rescue antiemetic drug.
No difference in adverse effects was noted in both the groups (Table 2) .
Discussion
PONV are among the most common complications after anaesthesia and surgery, with a relatively high incidence after middle ear surgery (tympanoplasty or mastoidectomy [4, 5] . Honkavaara et al. [1] and Reinhart et al. [2] observed the incidence of PONV was as high as 60-80% in patients undergoing general anaesthesia for middle ear surgery. This incidence may justify the use of prophylactic antiemetics for the prevention of PONV after middle ear surgery [6, 7] .
The aetiology of PONV after middle ear surgery performed under general anaesthesia is not known, but is probably multifactorial. Several factors, including age, sex, obesity, history of motion sickness and/or previous PONV, menstruation, surgical procedures, anaesthetic technique and postoperative pain are considered to affect the incidence of PONV [8] .
One of the causes of PONV after middle ear surgery could be the physical stimulus caused by the otologist drilling and irrigating the bone adjacent to the inner ear. High levels of noise caused by drilling and suctioning have been reported in ear surgery, and noise exceeding 107 dB (A) has been measured in the mastoid cavity. The otologist also causes low frequency vibrations, especially when using a slowly rotating cutting burr. These vibrations may act in the same way as infrasound on the vestibular system. It has been shown that low-frequency sound stimulation provokes postural instability in patients undergoing surgery for chronic otitis media [9] . Irrigation with colder saline sets up thermal currents in the labyrinthine in one direction. While heat of burning can set up thermal currents in opposite direction. These thermal currents in labyrinthine fluids are irritants to the labyrinthine may cause vertigo and emesis.
In this study, however, these factors were well balanced between groups. Since increased middle ear pressure by nitrous oxide is also one of the surgical factors contributing to PONV, the middle ear pressure was optimized because nitrous oxide was replaced by air before closing the tympanic membrane. Therefore, the difference in complete response for emesis between the groups may be attributed to differences in the antiemetic drugs administered.
The incidence of PONV was 34% in ondansetron group and 8% in granisetron. Therefore, the difference in the incidence of the PONV among the groups can be attributed to the difference in the agents administered.
Our study coincides with the findings of various studies of Fuji et al. [6, 7, [10] [11] [12] where complete response rate were between 78 and 86% with varying doses of granisetron having the PONV 14-22%. PONV was much less in our study although we had used granisetron in lesser dose as compared to these studies.
Granisetron and ondansetron has been proved to be effective in the prevention of emesis induced by cancer chemotherapy [13] while Fujii et al. [14] had demonstrated that it also has potent antiemetic effect on PONV after middle ear surgery. Wilson et al. [15] had compared different doses of intravenous granisetron in the prevention of PONV and found optimal dose was 1 mg. In our previous study [16] we used this dose and found it effective. So, the same dose has been used in this study.
The major deficiency in this clinical trial was the failure to include a control group-receiving placebo. It has already been demonstrated that efficacy of granisetron is superior to placebo for preventing PONV after middle ear surgery. Furthermore, it has been reported that there is a poor quality of clinical information in placebo-controlled trials of ondansetron, one of 5HT 3 receptor antagonists, in the prevention of PONV. So, in this study, the control groupreceiving placebo was not included.
The adverse effects observed in this study were relatively mild, and there was no difference in the incidence of headache, dizziness, anxiety and insomnia. These were comparable to other studies.
In conclusion, granisetron is more effective, potent antiemetic and desirable drug for reducing PONV and good quality of recovery in patients undergoing middle ear surgery.
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